Preparation of stiff substrates. Polyacrylamide hydrogels of 0.3 kPa to 40 kPa stiffness were prepared as described previously (Buxboim et al., 2010) . Gels for cell culture were further coated with type-I rat tail collagen or freshly prepared human fibronectin (BD Biosciences) as follows: Sulfo-Sanpah (Fisher Scientific) was dissolved in 50 mM, pH 8 HEPES to a concentration of 0.5 mg/mL and pipetted to form a complete coverage of the gels. Gels were placed inside a UV chamber and illuminated for 10 min by 365 nm illumination. To minimize collagen fiber formation, collagen was first mixed in equal volume of 4 °C 0.1 M acetic acid (Fisher Scientific) and then diluted in 4 °C 50 mM, pH 8 HEPES to a final concentration of 0.2 mg/mL. Protein was incubated on the gels while on a shaker overnight at 37 °C. Prior to seeding cells, gels were UV-sterilized in cell culture hood for two hours. Gels were kept hydrated in PBS or deionized water during all preparation steps.
Immunofluorescence imaging. Cells were rinsed with PBS, fixed with 4% paraformaldehyde (Fisher) for 20 min, washed twice with PBS and permeabilized with 0.5% Triton-X (Fisher) in PBS for 20 min. Cells were then treated with 5% BSA (blocking solution) for 1 hr. Following two additional PBS washes, samples were incubated overnight with primary antibodies at 1:300 dilution in 2% BSA solution with gentle agitation at 4 °C. The primary antibodies used were: lamin-A/C mouse monoclonal sc-7292; lamin-B goat polyclonal sc-6217; RAR-gamma rabbit polyclonal PA5-21463 (Thermo Scientific). Cells were washed twice in PBS and incubated with the corresponding secondary antibodies at 1:500 dilution for 45 minutes (Alexa Fluor 546, 594 and 647 nm; Invitrogen) . Adherent cells on gels or glass coverslips were mounted with mounting media (Invitrogen ProLong Gold Antifade Reagent) or sometimes imaged with fixation and no mounting.
Images of adherent cells were taken with an Olympus IX71 microscope in epifluorescence or else a confocal laser scanning mode with the 488 nm and 543 nm laser lines, for GFP and Alexa 546 dyes, respectively. All images for quantitative analysis in a given experiment were taken under the same imaging conditions. mRNA profiling of tissues and cells. Human and mouse tissue transcript data (1.0 ST datasets) was downloaded from: http://www.affymetrix.com/support/technical/sample_data/exon_array_data.affx.
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Transcriptomes from whole genome microarrays (Affymetrix, Santa Clara, CA) were for mouse adult tissues: brain, heart, kidney, liver, lung, ovary, muscle, spleen, testis and thymus (n = 3); and human adult tissues: brain, breast, heart, kidney, liver, pancreas, prostate, muscle, spleen, testis and thyroid (n = 3).
Pearson correlations between Col1a1 and a range of genes were calculated from these data sets using Mathematica (Wolfram) (Figs. 2 B, C).
mRNA levels were profiled in MSCs subjected to lamin-A,C knockdown (n = 3) (Fig. S6B) . Total RNA was extracted from cells using Trizol and isolated by RNeasy (Qiagen) according to manufacturer's protocol.
Total RNA was amplified and converted to cDNA using WT-Ovation Pico kit (NuGen) and converted to STcDNA, fragmented and biotin-functionalized using WT-Ovation Exon Module (NuGen). Hybridization cocktails were prepared at 45.4, 15.1 and 7.6 ng/μL ST-cDNA and mixed with Eukaryotic Hybridization Controls (GeneChip) at proportional concentrations. Each Sample was interrogated by sequential hybridization, rinse and scan cycles on a single Human Gene 1.0 ST DNA microarray (Affymetrix, Santa Clara, CA), from low to high concentration, and followed by two rinse-scan cycles in which no sample was added. In each experiment the scanned intensities that were obtained from all samples, five scans per array, were mutually RMA-summarized to transcription clusters gene levels so that the average and standard deviation could be calculated for each gene.
Quantitative mass spectrometry (MS). We have previously described methods for preparing primary tissue samples for MS (Swift et al., 2013b) and for quantifying species-specific peptides (Swift et al., 2013a Raw mass spectroscopy data was processed using Elucidator (version 3.3, Rosetta Biosoftware).
Peptide and protein annotations were made using SEQUEST (version 28, Thermo Fisher Scientific) with full tryptic digestion and up to 2 missed cleavage sites. Peptide masses were selected between 800 and 4500 amu with peptide mass tolerance of 1.1 amu and fragment ion mass tolerance of 1.0 amu. Peptides were searched against databases compiled from UniRef100 mouse and human, plus contaminants and a reverse decoy database. The peptide database was modified to search for alkylated cysteine residues (monoisotopic mass change, Δ = +57.021 Da) and oxidized methionine (Δ = +15.995 Da). In proteomic profiling experiments, we also considered the acetylation of lysine (Δ = +42.011 Da), methylation of lysine and arginine (Δ = +14.016 Da) and phosphorylation of serine, tyrosine, threonine, histidine and aspartate (Δ = +79.966 Da). Ion currents of modified peptides were summed with their parent peptide. Peptides derived from trypsin or keratin were considered to be contaminants and were not used in subsequent calculations.
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Micropipette aspiration. Micropipette aspiration was performed as described previously (Pajerowski et al., 2007) , (Swift et al., 2013b) . For nucleus aspiration cells were treated with 0.2 g/ml Latrunculin A (Sigma) for 1 hour at 37C, detached with trypsin/EDTA, centrifuged and resuspended in aspiration buffer of 135 mM NaCl, 5mM KCl, 5 mM HEPES, 1.8 mM CaCl2, 2 mM MgCl2, 2% BSA, 1:3000 propidium iodide (Molecular Probes). Nuclei were stained with Hoechst 33342 (Molecular Probes). Nuclei were aspirated under negative pressure inside a micropipette and the membrane extension was imaged with Nikon TE300
inverted microscope coupled with a digital CCD camera (Roper Scientific, Tuscan AZ), using a 60x oil immersion objective. Suction was applied by syringe and the corresponding pressure was measured by a pressure transducer (Validyne) calibrated by a mercury U-tube manometer. Image analysis was done using
ImageJ. The compliance was calculated as described in (Pajerowski et al., 2007) and stiffness is determined from (Majkut et al., 2013) . For grafts aspiration a micropipette with diameter of 15 m is used to deform a freshly excised piece of tissue. After aspiration, the graft was divided in two pieces and one was treated with transglutaminase (Sigma-Aldrich T5398, concentration 100 µg/mL in of 50 mM TRIS buffer, 5 mM CaCl2, 2 mM dithiothreitol at pH 7.4) for 30 minutes at 37 0 C and 5% CO2 and aspirated again and the other one was treated without transglutaminase and it was used as a control. Page 9 of 21 false positive rate of identifying foreign material (< 0.8% when considering peptides from proteins detected with two-or-more peptides-per-protein). The xenograft sample contained a significant number of human peptides, confirming that material derived from the MSCs persisted in the tumor for at least 4 weeks. A protein level analysis of the samples is shown in Fig. 2A. (B) Earlier work has shown that collagen protein and transcript levels are higher in stiffer tissues (Neuman and Logan, 1950) . (C) Compliance of the excised xenograft aspirated for 100 sec is calculated as described in with  being higher for more viscous materials (Pajerowski et al., 2007) . The power law fit shows that a 30 min treatment with transglutaminase (TGM2) makes the tissue less viscous and less compliant, consistent with being more solid-like and stiffer.
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